Introduction {#section1-1076029619832111}
============

The estimated worldwide incidence of stroke is 16.9 million cases. Hospitalized patients suffering from acute ischemic stroke have shown a high prevalence of total venous thromboembolism (20%-40%) in the absence of venous thromboembolism prophylaxis. The venous thromboembolic conditions pose serious health care, social, and economic problems in developed countries.^[@bibr1-1076029619832111],[@bibr2-1076029619832111]^ The hemiparetic patients are considered to be a highly endangered patient group concerning thromboembolism due to the prolonged immobility and inactivity and the deterioration of the muscle pump function resulting from muscle weakness causing increased venous stagnation.^[@bibr3-1076029619832111][@bibr4-1076029619832111]--[@bibr5-1076029619832111]^

The prophylactic effect of mechanical methods is realized through the termination or alleviation of stasis and through increasing venous blood flow velocity (VBFV; the distance traveled by a given amount of liquid over time). The alleviation of venous stasis can be achieved by the constriction of the vein, by enhancing lymphokinesis, and by regulating the skin--muscle--fascia tone.^[@bibr6-1076029619832111][@bibr7-1076029619832111]--[@bibr8-1076029619832111]^

The components of mechanical prophylaxis are passive techniques: positioning, elevation of the limbs,^[@bibr9-1076029619832111]^ massage, compression treatments (continuous elastic compression treatment, intermittent pneumatic compression stocking),^[@bibr10-1076029619832111][@bibr11-1076029619832111]--[@bibr12-1076029619832111]^ electric nerve stimulation, transcutaneous electrical nerve stimulation,^[@bibr10-1076029619832111],[@bibr13-1076029619832111]^ electrical foot stimulation,^[@bibr7-1076029619832111]^ electric muscle stimulation,^[@bibr9-1076029619832111]^ passive movement, and active methods.^[@bibr14-1076029619832111],[@bibr15-1076029619832111]^

The active mechanical methods include breathing exercises,^[@bibr16-1076029619832111],[@bibr17-1076029619832111]^ leg pedal exercises, novel leg exercise apparatus,^[@bibr18-1076029619832111]^ and venous exercise with the lower limbs.^[@bibr14-1076029619832111],[@bibr15-1076029619832111]^ Consensual effect can also be added as an increase in the flow of the hemiparetic limb following the active movement of the healthy limb.^[@bibr15-1076029619832111]^ Treating the healthy side (massage, thermotherapy) has a good benefit on the contralateral side, in this case among hemiparetic patients on the hemiparetic side.

Several authors have examined the passive and active thromboprophylaxis methods among healthy volunteers and hospitalized patients, but relatively few objective examinations are available concerning the efficiency of these methods in case of hemiparetic patients, focusing on venous blood flow changes. From passive mechanical thromboprophylactic methods, passive movement is less examined and we did not find any study that scanned the change of venous blood flow in the lower limbs following passive movement.

Authors have found significantly higher VBFV compared to the resting value due to active thromboprophylaxis. It can be an interesting question, that in the hemiparetic side, how much the rest venous blood flow rate decreased compared to the healthy side, as well as it would be interesting to measure the consensual effect: After the active exercise of the healthy limb, how much the venous blood flow increases in the hemiparetic lower limb.

In this study, we are seeking answers to the questions how the VBFV in case of hemiparetic patients change on the healthy and hemiparetic side after thromboembolic treatments. We also observed the extent to which the movement of the healthy limb can improve the venal circulation of the hemiparetic side (consensual effect).^[@bibr19-1076029619832111]^ We explored whether the improvement in venal circulation resulting from the active exercise of the healthy side is sufficient for mechanical thromboprophylaxis.

We had 4 hypotheses: (1) It is assumed that the resting VBFV in the hemiparetic lower limb is significantly lower than the resting VBFV in the healthy lower limb. (2) It is assumed that after fast-paced passive movement, the VBFV significantly increases in the limb on the hemiparetic side. (3) Following venous exercise performed on the healthy side, the VBFV in the healthy lower limb significantly increases compared to the resting VBFV measured in resting position. (4) Following venous exercise performed on the healthy side, the VBFV in the hemiparetic lower limb significantly increases compared to the resting VBFV measured in the hemiparetic lower limb, thus the consensual effect can be detected.

Methods {#section2-1076029619832111}
=======

Study Design {#section3-1076029619832111}
------------

The study was a prospective cohort study. The survey and examination of the patients was carried out at the Rehabilitation Ward for Patients with Severe Brain Injury of the Neurosurgery Department of the Clinical Centre of University of Pécs and at the University of Pécs, Faculty of Health Sciences, Institute of Physiotherapy and Sport Science, in Hungary. The examinations were performed between January 10, 2016, and September 15, 2017.

Patients {#section4-1076029619832111}
--------

In this study, we examined 215 persons (117 males, 98 females) with hemiparetic stroke diagnoses (42.79% ischemic, 57.21% hemorrhagic). Patients could participate in the research, with a 2 or lower limb muscle strength value on the hemiparetic side in the Research Medical Council 0-5 system (the patient is capable of active movement perpendicularly to the line of gravity, but not against gravity).^[@bibr20-1076029619832111]^

In the healthy limb, there were minimum 3 muscle strength values according to Research Medical Council 0-5 system, which means who are capable of active movement against to gravity, but not against to resistance.

The exclusion criteria included deep venous thrombosis, any thromboembolic event, pulmonary embolism, arteriosus circulatory disturbance, neuropathy, vascular complications, arteriosclerosis obliterans, malignant tumors, swelling, necrosis, epidermization, heart failure, systolic blood pressure above 180 mm Hg, a history of diastolic blood pressure above 110 mm Hg, serious internal-musculoskeletal-psychiatric diseases, repeated stroke, and other neurologic disease besides stroke, and bigger than 35 kg/m^2^ body mass index.^[@bibr15-1076029619832111][@bibr16-1076029619832111]--[@bibr17-1076029619832111]^

Patient selection was according to neurologist and rehabilitation specialists by taking into account both the inclusion and exclusion criteria. Patients received oral and written informative about the process and the aim of the study. They participated voluntarily and signed informed consent.

Ethical Consideration {#section5-1076029619832111}
---------------------

The research ethics approval was granted by the University of Pécs Clinical Centre Regional and Institutional Research Ethics Committee; its record number is 6129/2016.

Data Collection {#section6-1076029619832111}
---------------

We carried out a questionnaire and also through measuring the VBFV. We used a self-prepared questionnaire in the study. The items of the questionnaire included questions concerning the diagnosis, companion diagnosis (deep venous thrombosis, arteriosus circulatory disturbance, type II diabetes mellitus), cardiovascular diseases, previous operations, taking medication, the length of immobility, the scale of mobility, and the use of medical aids.

Determining VBFV in Resting State {#section7-1076029619832111}
---------------------------------

The VBFV was measured with a HADECO BIDOP ES-100 V II type Doppler ultrasound device, using an 8 MHz head, in "peak velocity" mode (Kawasaki, Japan). The VBFV was measured in the femoral vein, at the level of the hip joint. Before measuring, patients were rested in bed for 30 minutes.

During the examination, the participants were wearing comfortable, loose clothing, and only underwear on their lower body. They were positioned in supine, in horizontal position, the head of the bed was not raised, and there was a 4-cm pillow under the head. The examination room was equipped with an air conditioner; for this reason, we could set the temperature to the optimal level between 22°C and 24°C.

Passive Movement in the Hemiparetic Lower Limb {#section8-1076029619832111}
----------------------------------------------

Fast-paced passive movement was performed in a large articular range of motion, with a high repetition number.^[@bibr20-1076029619832111]^ During the movement, the patient was in a relaxed state; we moved the joints without any contributing muscular activity by the patient. In the course of the passive movement, the base joint of the big toe was moved in flexion and extension direction; the ankle joint was moved in plantar, dorsal flexion, and pronation and supination directions and circumduction; the knee joint was moved in flexion and extension directions; and the hip joint was moved in flexion, extension, abduction, and adduction directions and inward and outward rotation and circumduction with a repetition of 16 in every joint, in every direction.

At each examination, we determined the effect of passive movement on VBFV at the first 10 minutes and at the 15th minute, after doing all the passive movements in all the lower limb's joints from proximal to distal, in every direction.

Venous Exercise Program for the Healthy Lower Limb {#section9-1076029619832111}
--------------------------------------------------

The participants performed the venous exercise program in supine position. The patients were not wearing any medical aids facilitating venous flow, such as compression stockings or elastic bandage.

In accordance with the physiological principles, the structure of the exercise program was the following:breathing exercises to facilitate return flow from the abdominal cavity to the heart,the isometric exercises of lower limbs from proximal to distal, due to discharge into the veins of the lower limb,isotonic exercises of the lower limbs using the pump function of the muscles from distal toward proximal,lifting the lower limb over the level of the heart to take advantage of gravity,ankle movements with leg lifting to use the combined effects of gravity and muscle pumps,pelvis lifts due to discharge from the lesser pelvis,finally, the exercise program was closed with breathing exercises to facilitate the return flow of venous blood from the abdomen toward the heart.^[@bibr14-1076029619832111][@bibr15-1076029619832111]--[@bibr16-1076029619832111],[@bibr21-1076029619832111]^

The exercises of the applied training are dynamic. The repetition number of breathing exercises was 16, the repetition number of the isometric exercises of lower limbs (from proximal toward distal) was 16, holding for 3 seconds, the number of repetitions for the isotonic exercises of the lower limbs (from distal toward proximal, small movements, then vigorous large movements) was 16, the repetition number of lifting the lower limbs was 16, the repetition number of ankle movements with leg lifting was 16, the repetition of lifting the pelvis was 16, holding it for 3 seconds, and the repetition number of breathing exercises was also 16.^[@bibr22-1076029619832111]^

Consensual Effect in the Hemiparetic Lower Limb {#section10-1076029619832111}
-----------------------------------------------

After exercising the healthy limb, we examined the effect of the venous exercises on the healthy side and also the consensual effect and the VBFV on the hemiparetic limb, at the first 10 minutes and at the 15th minute.^[@bibr15-1076029619832111]^

Data Analysis {#section11-1076029619832111}
-------------

Baseline characteristics were summarized using descriptive statistics. Continuous variables were reported as median and interquartile ranges; categorical variables were reported as percentages and confidence interval. The distribution of the data was examined with boxplots and Q_Q plots, and non-normality was confirmed by Kolmogorov-Smirnov tests. In accordance with the results of the normality test (*P* \< .05), we used nonparametric test during the statistical analysis: Within-group differences were tested using the Wilcoxon signed-rank test, group differences were tested using Mann-Whitney *U* test, and Friedman test was used to test the changes in time adjusted for multiple comparisons, using Bonferroni correction. The *P* value was considered significant if it was lower than .05. We used SPSS software version 22 for the statistical analysis.

Results {#section12-1076029619832111}
=======

Characterization of the Sample {#section13-1076029619832111}
------------------------------

The study examined 215 persons and consort flow diagram shows the enrolment ([Table 1](#table1-1076029619832111){ref-type="table"} and [Figure 1](#fig1-1076029619832111){ref-type="fig"}).

###### 

Characterization of the Sample.

![](10.1177_1076029619832111-table1)

  -------------------------------------------------- --------------------------------
  Examined population                                215 persons

  Age                                                58.0 (55.0-63.0) years

  Gender                                             117 males (54.5; 47.8%-61.1%)\
                                                     98 females (45.6; 38.9%-52.2%)

  Time elapsed since the diagnosis has been set up   6-14 months

  Time of bed rest                                   13.0 (11.0-15.0) days

  Type of stroke                                     42.79% ischemic\
                                                     57.21% hemorrhagic
  -------------------------------------------------- --------------------------------

![Flow diagram of how the number of participants has changed during the study.](10.1177_1076029619832111-fig1){#fig1-1076029619832111}

### Venous blood flow velocity in resting state {#section14-1076029619832111}

In case of patients who suffered a brain infarction, a median VBFV value of 7.0 (6.2-7.8) cm/s was measured in the femoral vein of the healthy lower limb, in supine resting position. On the hemiparetic side, also in supine resting position, a median VBFV of 2.7 (2.4-4.4) cm/s was measured. The VBFV measured in resting state was 42.1% (35.6%-51.4%) lower on the hemiparetic side than on the healthy side. The VBFV measured in resting state on the hemiparetic side was significantly lower (*Z* = −4.8, *P* \< .001, Wilcoxon signed rank test) than the VBFV measured in resting state on the healthy side ([Table 2](#table2-1076029619832111){ref-type="table"}; [Figures 2](#fig2-1076029619832111){ref-type="fig"} and [3](#fig3-1076029619832111){ref-type="fig"}).

###### 

Changes of Venous Blood Flow Velocity (cm/s) Measured in the Femoral Vein as a Result of Passive Movement in the Hemiparetic Side.^a^

![](10.1177_1076029619832111-table2)

                                                                            VBFV After Passive Movement (cm/s)   *P*           
  ------------------------------------------------------------------------- ------------------------------------ ------ ------ -----------
   1                                                                        12.6                                 11.6   13.5   \<.001^b^
   2                                                                        12.8                                 11.5   13.3   \<.001^b^
   3                                                                        12.3                                 10.8   12.9   \<.001^b^
   4                                                                        11.6                                 10.5   12.2   \<.001^b^
   5                                                                        10.4                                 9.8    11.9   \<.001^b^
   6                                                                        10.1                                 9.6    10.7   \<.001^b^
   7                                                                        9.6                                  9.3    10.4   \<.001^b^
   8                                                                        9.2                                  8.8    10.0   \<.001^b^
   9                                                                        8.8                                  8.4    9.5    \<.001^b^
   10                                                                       8.3                                  7.9    8.5    \<.001^b^
   15                                                                       7.9                                  7.4    8.2    \<.001^b^
  Difference in passive movement (cm/s) in 1-2-3-4-5-6-7-8-9-10-15 minute                                                      \<.001^c^

Abbreviations: HI, hemiparetic side; IQR, interquartile range; VBFV, venous blood flow velocity.

^a^N = 215.

^b^Wilcoxon signed rank test.

^c^Friedman test using Bonferroni correction.

![Venous blood flow velocity values after active exercises on the healthy side.](10.1177_1076029619832111-fig2){#fig2-1076029619832111}

![Venous blood flow velocity values of the consensual effect on the hemiparetic side after active venous exercise on the healthy limb.](10.1177_1076029619832111-fig3){#fig3-1076029619832111}

### Venous blood flow velocity following passive movement of the hemiparetic lower limb {#section15-1076029619832111}

Following the passive movement on the hemiparetic side, compared to the values received in resting state, the VBFV increased significantly (12.6; 11.6-13.5 cm/s; *Z* = −4.8, *P* \< .001, Friedman test). The VBFV measured in the hemiparetic side in resting state increased by 4.5 (3.5-5.3) cm/s following the passive movement. The VBFV gradually decreased in the period after the treatment, but even the value measured 15 minutes later is significantly higher than the value of the hemiparetic side measured in resting state. The value measured on the hemiparetic side 15 minutes after the treatment is similar to the value of the healthy side of measured in resting state ([Table 2](#table2-1076029619832111){ref-type="table"}).

### Venous blood flow velocity in the healthy limb measured following venous exercise program {#section16-1076029619832111}

Following active venous exercises performed on the healthy side, the VBFV in the healthy lower limb significantly increased compared to the resting VBFV value measured in the healthy lower limb, from 7.0 to 18.0 cm/s (15.6-19.6 cm/s; *Z* = −4.8, *P* \< .001, Wilcoxon signed rank test). In the minutes following the treatment, the scale of the change decreased, but even the value measured 15 minutes later (8.6; 7.9-9.4 cm/s) was significantly higher than the VBFV measured in resting state (χ^2^ = 299.5, *P* \< .001; [Figure 2](#fig2-1076029619832111){ref-type="fig"}).

#### Consensual effect. Following active venous exercise on the healthy limb, the results of the VBFV measured on the hemiparetic side {#section17-1076029619832111}

In this study, we examined the consensual effect. Following active venous exercise program on the healthy side, we measured VBFV on the hemiparetic side, which was 15.1 (14.1-16.5) cm/s, being significantly higher (*Z* = −4.8, *P* \< .001, Wilcoxon signed rank test) than that in resting state, 2.7 (2.4-4.4) cm/s. Thus, the patients can increase the VBVF at an appropriate level on the nonmoving hemiparetic side with the help of the active, healthy limb, after learning the exercises, independently, several times a day (χ^2^ = 300.0, *P* \< .001, Friedman test using Bonferroni correction; [Figure 3](#fig3-1076029619832111){ref-type="fig"}). The VBFV of the consensual effect in the hemiparetic side was significantly higher (*Z* = −3.7, *P* \< .001, Wilcoxon signed rank test) at the first minute, than the VBFV in the hemiparetic side, measured at the first minute following passive movement.

Discussion {#section18-1076029619832111}
==========

In the course of the research, we measured the VBFV in the lower limbs of hemiparetic patients, in resting state, and following active and passive thromboprophylaxis methods. There were significant differences between the resting VBFV in the hemiparetic and healthy lower limbs. Following passive movement of the hemiparetic side, we found 474% increase in the venous blood flow of the hemiparetic lower limb; following active venous exercise, we found 257% increase in the venous blood flow of the healthy and 559% of the hemiparetic lower limb (consensual effect).

Several authors have examined the values of the VBFV in resting state and after different active and passive mechanical thromboprophylaxis. We summarized the results of major researches found in the literature ([Table 3](#table3-1076029619832111){ref-type="table"}).

###### 

Values of the Venous Blood Flow Velocity Following the Treatment.

![](10.1177_1076029619832111-table3)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Venous Flow Velocity Measurements Among Healthy Participants                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  ------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------- ---------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Passive Techniques                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Pouran D. Faghri (1998)^[@bibr27-1076029619832111]^                 10 healthy volunteers (6 women, 4 men; 20 legs), mean age: 26.5 ± 5.27 years                                                                                                                                               Air plethysmograph (APG):\                                                                                                         Voluntary exercise protocol (VOL)\                                                                                                                                                          --                                                    Residual volume fraction:\                     *P* \< .001 (between each treatment)
                                                                                                                                                                                                                                                                                                 noninvasive APG, model CIC-1000CR according to the technique described by Christopoulos (1987)                                     Electrical stimulation (ES):\                                                                                                                                                                                                                     22.8% ± 3.53%\                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                    Empi Respond Select Dual-Channel Neuromuscular ES protocol\                                                                                                                                                                                       71.0% ± 2.19%\                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                    Combined exercise protocol (ES/VOL)                                                                                                                                                                                                               33.4% ± 3.04%                                  

  G. M. Lyons (2002)^[@bibr28-1076029619832111]^                      10 healthy adult males, mean age: 23.9 ± 1.8 years                                                                                                                                                                         Acuson 128XP/10c US system, popliteal vein (pop.v)                                                                                 Neuromuscular electrical stimulation (NMES):\                                                                                                                                               12 cm/s                                               43 cm/s (206%)\                                *P* \< .05\
                                                                                                                                                                                                                                                                                                                                                                                                                                    The posterior calf muscle of the subject was electrically stimulated using a neuromuscular stimulator (BMR NeuroTech NT2000)\                                                                                                                     60.2 cm/s (502%)                               *P* \< .001
                                                                                                                                                                                                                                                                                                                                                                                                                                    NMES + compression stocking:\                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                    Medilastex1 calf length graduated compression stocking (GCS) was used to apply compression to the calf muscle                                                                                                                                                                                    

  James J. Czyrny (2010)^[@bibr11-1076029619832111]^                  40 healthy participants, age: between 50 and 80 years                                                                                                                                                                      Bilaterally used Doppler US device, pop.v, femoral vein                                                                            Electrical foot stimulation\                                                                                                                                                                --                                                    --                                             Femoral venous blood flow: IPC vs ES\
                                                                                                                                                                                                                                                                                                                                                                                                                                    Intermittent pneumatic compression (IPC) stockings                                                                                                                                                                                                                                               Time = 120 minutes (noninferiority: *t* = 2.70; *P* = .005)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Time = 240 minutes (noninferiority: *t* = 1.63; *P* = .055)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Popliteal venous blood flow: IPC vs ES\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Time = 120 minutes (noninferiority: *t* = 2.75; *P* = .004)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Time = 240 minutes (noninferiority: *t* = 2.27; *P* = .014)

  M. Izumi (2010)^[@bibr10-1076029619832111]^                         10 healthy volunteers, age: between 22 and 48 years                                                                                                                                                                        ALOKA Prosound a10 (ALOKA, Tokyo, Japan) Duplex US system, pop.v                                                                   Thromboprophylactic transcutaneous electrical nerve stimulation (TpTENS)\                                                                                                                   26 (19-38) cm/s                                       102 (49-148) cm/s\                             *P* \< .001 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                    Electrical Muscle Stimulation (EMS)\                                                                                                                                                                                                              97 (36-123) cm/s\                              
                                                                                                                                                                                                                                                                                                                                                                                                                                    IPC\                                                                                                                                                                                                                                              65 (54-109) cm/s\                              
                                                                                                                                                                                                                                                                                                                                                                                                                                    Muscle squeeze                                                                                                                                                                                                                                    90 (69-117) cm/s                               

  Barry J. Broderick (2013)                                           11 patients (4 males, 7 females) who had undergone unilateral total hip replacement surgery on the day previous to the study, mean age: 69.5 ± 8.1 years                                                                   Duplex Doppler US, pop.v                                                                                                           4-hour NMES session of the calf muscles                                                                                                                                                     Operated limb: 12 ± 5.9 cm/s\                         22.5 ± 16.8 cm/s (99%)\                        *P* = .006\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Unoperated limb: 13.8 ± 7.6 cm/s                      43.9 ± 13.7 cm/s (288%)                        *P* = .018

  Barry J Broderick (2014)^[@bibr12-1076029619832111]^                30 healthy participants (21 males and 9 females), mean age: 21 ± 1.08 years                                                                                                                                                Duplex Doppler US, pop.v                                                                                                           IPC on foot and calf\                                                                                                                                                                       --                                                    Foot: 50.5 (35-67) cm/s\                       *P* \< .001 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                    NMES                                                                                                                                                                                                                                              Calf: 125.6 (110-146) cm/s\                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      108.8 (87-131) cm/s                            

  Kaori Toya (2016)^[@bibr9-1076029619832111]^                        10 healthy males                                                                                                                                                                                                           Pulse Doppler method with a diagnostic US system (ACUSON P300, Siemens Healthcare, Erlangen, Germany), common femoral vein (CFV)   Supine with leg-up\                                                                                                                                                                         --                                                    Time-averaged maximum flow velocity (TAMV):\   Supine vs head-up: *P* \< .05\
                                                                                                                                                                                                                                                                                                                                                                                                                                    Supine with head-up\                                                                                                                                                                                                                              Without stocking\                              Leg up vs head-up: *P* \< .05\
                                                                                                                                                                                                                                                                                                                                                                                                                                    Comprinet pro (BSN medical, Inc) stocking                                                                                                                                                                                                         Head-up: 28.9 ± 17.5 cm/s\                     Supine vs head-up: *P* \< .01\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Supine: 30.1 ± 17.8 cm/s\                      Leg-up vs head-up: *P* \< .01
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Leg-up: 16.6 ± 6.1 cm/s\                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      With stocking:\                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Head-up: 13.6 ± 4.4 cm/s\                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Supine: 33.1 ± 15.5 cm/s\                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Leg-up: 27.7 ± 9.4 cm/s                        

  Alicia Martínez-Rodríguez (2018)^[@bibr13-1076029619832111]^        24 healthy university students (12 males, 12 females), age: between 18 and 39 years                                                                                                                                        Doppler US, common peroneal nerve, and soleus muscle                                                                               TENS 2 sequences on peroneal nerve, the 3 on soleus muscle                                                                                                                                  1 Hz: 13.4 (10.5-18.3) cm/s\                          1 Hz: 39.93 (34.01-45.86)\                     *P* \< .001 (at each treatments)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                5 Hz:13.1 (9.9-17.6) cm/s\                            5 Hz: 34.61 (28.08-41.13)\                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                5 Hz on soleus muscle: 13.2 (11.2-20.4) cm/s          5 Hz on soleus muscle: 23.13 (18.74-27.53)     

  Active Techniques                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  D. H. Sochart (1999)^[@bibr29-1076029619832111]^                    20 participants (18 men; 2 women), 40 limbs, median age: 27 years (20-54) years                                                                                                                                            Color-flow Duplex US, CFV                                                                                                          Supine with the leg in the apparatus, 3 types of exercise were then carried out, both passively and actively                                                                                44.5 (40.9-48.4) cm/s                                 Passive flexion: 53.8 (49.5-58.5) cm/s\        *P* \< .05 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Active flexion: 59.0 (54.3-64.1) cm/s\         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Passive rotation: 53.5 (49.2-58.2) cm/s\       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Active rotation: 61.6 (56.7-67.0) cm/s\        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Passive combined: 58.0 (53.3-63.0) cm/s\       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Active combined: 70.2 (64.6-76.3) cm/s         

  Benkő (2002)^[@bibr30-1076029619832111]^                            20 persons (9 males, 11 females), mean age: 39.9 years                                                                                                                                                                     Pulsed, color Doppler method, femoral vein                                                                                         Arteriovenous impulse pump or leg pump                                                                                                                                                      9.7 cm/s                                              16.1 cm/s, (66.9%)                             *P* \< .05

  Oh-Yun Kwon (2003)^[@bibr16-1076029619832111]^                      20 healthy male participants, average age: 21.3 years                                                                                                                                                                      Duplex advanced Doppler, femoral vein                                                                                              Quiet breathing while resting (QR)\                                                                                                                                                         0.96 (0.91-0.98 cm/s\                                 10.1 ± 4.2 cm/s\                               *P* \< .01 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                    Deep breathing (DB)\                                                                                                                                                                        0.93 (0.87-0.97) cm/s\                                15.5 ± 3.9 cm/s\                               
                                                                                                                                                                                                                                                                                                                                                                                                                                    Ankle exercise with quiet breathing (AQB)\                                                                                                                                                  0.93 (0.87-0.97) cm/s\                                20.7 ± 6.6 cm/s\                               
                                                                                                                                                                                                                                                                                                                                                                                                                                    Ankle exercising combined with deep breathing (ADB)                                                                                                                                         0.89 (0.80-0.95) cm/s                                 26.5 ± 9.4 cm/s                                

  Paul D. Stein (2009)^[@bibr14-1076029619832111]^                    20 healthy volunteering males, average age: 28 ± 3 years                                                                                                                                                                   Philips iU22 type Doppler US (Bothell, Washington), pop.v                                                                          Ankle dorsal flexion exercises                                                                                                                                                              Supine rest:\                                         Supine exercise: 24 (20-28) cm/s\              *P* \< .001 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Right leg: 11 (9-13) cm/s, left leg: 8 (7-11) cm/s\   Sitting exercise: 8 (15-21) cm/s               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Sitting rest:\                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                3 (2-4) cm/s                                                                                         

  M. Griffin (2010)^[@bibr31-1076029619832111]^                       24 healthy volunteers (12 males, 12 females), mean age: 8 from each of 3 age groups (18-30, 31-50, 51-61) years                                                                                                            Doppler %%US, IU22 ultrasonic scanner (Philips Medical, Seattle, Washington), pop.v                                                VEINOPLUS\_ stimulator is a CE-certified and FDA cleared, portable, battery (9 V) powered device                                                                                            10 cm/s                                               96-105 cm/s                                    *P* \< .001

  Sekk (2015)^[@bibr15-1076029619832111]^                             42 healthy persons, average age: 23, 4 years                                                                                                                                                                               HADECO BIDOP ES 100 V II type Doppler US device, femoral vein                                                                      Venous exercise                                                                                                                                                                             10.1 (8.0-13.2) cm/s                                  15.1 (10.2-20.1) cm/s (49.0%)                  *P* \< .001

  Yukiyo Shimizu (2017)^[@bibr18-1076029619832111]^                   8 healthy participants (5 men, 3 women), mean age: 21.6 ± 2.3 years                                                                                                                                                        EUB 7500 (Hitachi, Tokyo, Japan), femoral vein                                                                                     A novel leg exercise apparatus (LEX)                                                                                                                                                        --                                                    Increase:\                                     *P* = .031
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      1.38-fold\                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      1.26-fold\                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      0.9-fold                                       

  Christopher R. Lattimer (2018)^[@bibr32-1076029619832111]^          12 healthy volunteers (9 men, 3 females), mean age: 46 (31-59) years                                                                                                                                                       APG (ACI Medical LLC, San Marcos, California), common peroneal nerve                                                               Tip-toe maneuver (TTM)\                                                                                                                                                                     --                                                    Ejection fraction:\                            *P* = .002 (at each treatment)
                                                                                                                                                                                                                                                                                                                                                                                                                                    Dorsiflexion maneuver (DFM)\                                                                                                                                                                                                                      TTM vs DFM: 81.9% (42.6%-89%)\                 
                                                                                                                                                                                                                                                                                                                                                                                                                                    Common peroneal nerve stimulation (CPNS) device (geko version T-1)                                                                                                                                                                                TTM vs CPNS: 59.7% (41.1%-74.2%)\              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      DFM vs CPNS: 13.2% (9.4%-17.5%)                

  Keisuke Nakanishi (2018)^[@bibr17-1076029619832111]^                9 young healthy males (mean age: 22.8 ± 3.6 years) and 18 healthy elderly males (mean age: 70.0 ± 4.6 years)                                                                                                               Pulsed Doppler US, femoral vein                                                                                                    Forced deep breathing                                                                                                                                                                       --                                                    --                                             PBVFV change ratio for 3 breathing rates in the sitting position for the young patients (15 breaths/min: 415%, 5 breaths/min: 475%, 3 breaths/min: 483%), elderly patients at 3 breaths/min (449%) was significantly higher than that at 15 breaths/min (284%).

  Consensual effect                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Sekk (2015)^[@bibr15-1076029619832111]^                             42 healthy persons, average age: 23,4 years                                                                                                                                                                                HADECO BIDOP ES 100 V II type Doppler US device, femoral vein                                                                      Venous exercise                                                                                                                                                                             10.1 (8.0-13.2) cm/s                                  12.9 cm/s (21.5%)                              *P* \< .001

  Venous Flow Velocity Measurements Among Hospitalized Participants                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Author (Year)                                                       Examined Population                                                                                                                                                                                                        Examination Method                                                                                                                 Treatment Method                                                                                                                                                                            Resting Venous Blood Flow Velocity Before Treatment   Venous Blood Flow Velocity After Treatment     Results/Differences

  Passive Techniques                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  M. Izumi (2010)^[@bibr10-1076029619832111]^                         10 healthy volunteers, age: between 22 and 48 years                                                                                                                                                                        ALOKA Prosound a10 (ALOKA, Tokyo, Japan) Duplex US system, pop.v                                                                   Active motion of the ankle                                                                                                                                                                  26 (19-38) cm/s                                       75 (40-152) cm/s                               *P* \< .001

  Paul D Stein (2014)^[@bibr33-1076029619832111]^                     26 hospitalized medical patients, average age: 59 ± 17 years                                                                                                                                                               Pulsed wave Doppler, Philips iU22 US system (Bothell, Washington), right popliteal and femoral veins                               Before and during the application of thigh-length-fitted venous GCS, thigh-length Thrombo Embolic Deterrent (TED) stockings (Kendall, Tyco Healthcare Group LP, Mansfield, Massachusetts)   Femoral vein: 21.6 (5.4-37.9) cm/s\                   23.0 (1.9-44.1) cm/s\                          *P* \> .05\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                pop.v: 12.5 (3.2-21.7) cm/s\                          15.0 (1.1-29.0) cm/s\                          *P* \> .05\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Refill time, at pop.v: 5.0 (0.0-10.1) cm/s            5.8 (0.0-12.0) cm/s                            *P* = .05

  Masahiro Ojima (2017)^[@bibr26-1076029619832111]^                   14 patients (10 males, 4 females), average age: 70.0 (51.0--79.0) years, 3 trauma, 3 stroke, 2 sepsis, 2 others                                                                                                            Philips CX50 CompactXtreme ultrasonic scanner (Philips Medical), pop.v and CFV                                                     EMS                                                                                                                                                                                         Right pop.v: 10.2 (7.6--14.0) cm/s\                   Right pop.v: 24.3 (15.1--40.8) cm/s\           *P* \< .05 (at each part)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Left pop.v: 10.9 (8.2--16.4) cm/s\                    Left pop.v: 24.9 (15.4--36.4) cm/s\            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Right CFV: 16.3 (11.9--24.8) cm/s\                    Right CFV: 25.1 (17.0--32.6) cm/s\             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Left CFV: 17.3 (13.8--23.3) cm/s                      Left CFV: 23.0 (18.2--34.3) cm/s               

  Barry J Broderick (2013)                                            9 patients (4 males, 7 females), average age: 69.5 ± 8.1 years                                                                                                                                                             Duplex Doppler US, pop.v                                                                                                           NMES (PALS UltraStim, Axelgaard Manufacturing Co, Ltd, California)                                                                                                                          Peak venous velocity resting\                         Peak venous velocity after NMES\               *P* = .006\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Operated limb: 12 ± 5.9 cm/s\                         Operated limb: 22.5 ± 16.8 cm/s (99%)\         *P* = .018\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Unoperated limb: 13.8 ± 7.6 cm/s\                     Unoperated limb: 43.9 ± 13.7 cm/s (288%)\      *P* = .003\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Mean venous velocity resting\                         Mean venous velocity after NMES\               *P* = .018
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Operated limb: 2.3 ± 1.4 cm/s\                        Operated limb: 7 ± 5.7 cm/s (178%)\            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Unoperated limb: 3.7 ± 2 cm/s                         Unoperated limb: 12.9 ± 4.3 cm/s (354%)        

  Dapeng Wang (2018)^[@bibr34-1076029619832111]^                      51 patients who ever received intermittent pneumatic compression device (IPCD) and stockings during major orthopedic surgery were taken as the experimental group (29 males, 22 females), average age: 55.6 ± 14.2 years   Doppler sonography (Sonoline Antares, Siemens Sector Healthcare), femoral vein                                                     Routinely anticoagulant therapy via intraperitoneal injection (Fraxiparine, 0.4 mL, GlaxoSmithKline)\                                                                                       Prior treatment:\                                     Post-treatment: 149.56 ± 26.35 mm/s            *P* \< .001
                                                                                                                                                                                                                                                                                                                                                                                                                                    IPCD (SCDTM system, Kendal)\                                                                                                                                                                114.23 ± 23.69 mm/s                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                    Compression stockings                                                                                                                                                                                                                                                                            
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: FDA, Food and Drug Administration; PBVFV, peak blood velocity in the superficial femoral vein; US, ultrasound.

Although wanted to compare the findings of the study with researches connected to stroke, mechanical thromboprophylaxis, and VBFV measurement, we found only reviews that examined the effect of pharmacological or mechanical thromboprophylaxis not on the change of VBFV or gave recommendations for thromboembolism in patients with stroke.^[@bibr23-1076029619832111],[@bibr24-1076029619832111]^

We did not find a research that measured in both lower limbs the resting VBFV among hemiparetic patients. Broderick et al examined 30 healthy patients (21 males and 9 females, mean age: 21 ± 1.08 years). There was no significant difference in the resting venous blood flow between the operated and unoperated limb (12 ± 5.9 to 13.8 ± 7.6 cm/s, *P* = .68; [Table 3](#table3-1076029619832111){ref-type="table"}).^[@bibr25-1076029619832111]^ In our study, the VBFV measured in resting state was significantly lower (2.7 \[2.4-4.4\] to 7.0 \[6.2-7.8\], *P* \< .001) on the hemiparetic side than on the healthy side.

We did not find a research that measured the effect of passive movement on the change of VBFV among hemiparetic patients. Masahiro et al examined 14 patients (10 males, 4 females, average age: 70.0 \[51.0-79.0\] years). In this study, 3 had traumatologic injury, 3 had stroke, 2 had sepsis, and 2 suffered from other diseases. They used electrical muscle stimulation to increase VBFV. At each leg and vein (popliteal vein, common femoral vein), they found a significant increase (*P* \< .05) in the VBFV due to electrical muscle stimulation as passive mechanical thromboprophylaxis ([Table 3](#table3-1076029619832111){ref-type="table"}).^[@bibr26-1076029619832111]^ In our research following passive movement on the hemiparetic side, the VBFV significantly increased (2.7 \[2.4-4.4\] to 12.6 \[11.6-13.5\] cm/s, *P* \< .001) compared to the values received in resting state.

Kwon et al reported that as a result of active exercises (breathing exercises and active plantar--dorsal flexion ankle joint movements), a significant increase (*P* \< .01) was experienced in the VBVF (0.89 \[0.80-0.95\] to 26.5 ± 9.4 cm/s) among 20 healthy adult men (mean age: 21.3 years; [Table 3](#table3-1076029619832111){ref-type="table"}).^[@bibr15-1076029619832111]^ In our study, we did not examine the efficiency of various breathing exercises on the velocity of venous flow; however, breathing exercises are included in the venous exercise program, which we also applied.^[@bibr16-1076029619832111]^ Following active venous exercises performed on the healthy side, the VBFV in the healthy lower limb significantly increased (7.0 \[6.2-7.8\] to 18.0 \[15.6-19.6\] cm/s, *P* \< .001) compared to the resting VBFV measured in the healthy lower limb.

Sekk et al determined the efficiency of venous exercise in relation to the VBFV. Forty-two healthy persons (13 males, 31 females, mean age: 23.4 \[20-30\] years) participated in the study. They concluded that the venous exercise performed by the lower limb significantly increased (10.1 \[8.0-13.2\] to 12.9 cm/s, *P* \< .001) the VBFV on the opposite side compared to the resting VBFV ([Table 3](#table3-1076029619832111){ref-type="table"}).^[@bibr15-1076029619832111]^ In accordance with our survey, following active venous exercise on the healthy side, the VBFV significantly increased (2.7 \[2.4-4.4\] to 15.1 \[14.1-16.5\], *P* \< .001) compared to the values received in resting state.

Limitations of the Study {#section19-1076029619832111}
========================

The limitations of our examinations include the low item number. We did not have the possibility to examine the cross section and saturation of the vein in addition to the examination of the VBFV. We did not differentiate subgroups according to muscle strength. We have examined VBFV in the first 15 minutes after the intervention, which have not been examined for longer.

Conclusions {#section20-1076029619832111}
===========

Besides active venous exercise, the passive movement and the consensual effect increase significantly the VBFV. The consensual effect has significant increase in the VBFV in the paralyzed limb; thus, it can be an important element of the active mechanical thromboprophylaxis methods.

The use of active mechanical thromboprophylaxis methods can be emphasized in patient education, as the patient can apply it independently or use passive mechanical thromboprophylaxis methods with the help of the family members during the 24-hour care.

During patient education, it is important to place emphasis on the venous exercise program that is taught by professional, easy to learn, and can be performed without the lead of professional. The patient is advised to perform exercise on the healthy side several times a day, which has a VBFV increasing effect on the hemiparetic side through the consensual effect.
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